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ratal [object] . 

=11* iZlwfci- l- x^i«*ic«**=S In manufacture of the semiconductor single 
31 ******** crystal by the Czochralski method, the 

©»fcfc*v^ mlnufactuhng method in which the 

fa±&£tfmmm&mmXm<D improvement in the rate of single-crystal-izing 

and an incidence reduction of an oxygen 
induction stacking fault and the frequency 
increase of durability of a graphite crucible are 
possible is provided. 


mm 

h 3 it. JEBv/- b 3 a 
&£th, IM&5o#l<OI*3ffi£ 

i ctet* 

3(^m£ti5o ^t, 10 
oMttf - b 3 $r^i"?) 


[SUMMARY OF THE INVENTION] 

The gap between a graphite crucible 1 and the 
quartz crucible 2 is made to support the heat- 
resistant sheet 3 which consists of carbon fiber, 
and a drawing of a single crystal is performed. 
The above-mentioned heat-resistant sheet 3 is 
composed by base sheet 3a and side sheet 3b, 
and carries out the coating of inner surface of a 
graphite crucible 1 . 

Thereby, SiC-izing of the parting plane of a 
graphite crucible 1 and inner surface and a 
deformation of the crucible accompanied by this 
are restricted. 

Moreover, the impurity accumulated at inner 
surface of a graphite crucible 1 is accumulated 
conventionally at the above-mentioned heat- 
resistant sheet 3. 

Therefore, while the thinning of graphite- 
crucible 1 inner surface is restricted by 
interchanging the heat-resistant sheet 3 at 
every single crystal drawing of 1 time or several 
times, the quantity of the impurity accumulated 
at inner surface can be reduced sharply. 
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[CLAIMS] 


[CLAIM 1] j ^ 

A manufacturing method of the semiconductor 
single crystal, in which the gap between the 
support bodies which accommodate the 
crucible which stores raw-material melt solution, 
and this crucible is made to support the heat- 
resistant sheet which carries out the coating of 
inner surface of an above-mentioned support 
body, in manufacture of the semiconductor 
single crystal by the Czochralski method. 


iSJ * k****«^fc A manufacturing method of the semiconductor 
»^Z j^t^X%k single crystal of Claim 1, in which a heat- 
5t>©t?fc*^i:S:«M»4:T* _A tent sheet consists of carbon fiber. 


[DETAILED DESCRIPTION OF INVENTION] 


[0 0 0 1] 


[0001] 


nmm\-<n*\m<frm\ [INDUSTRIAL APPLICATION] 

iSS^ *SS:5^fi(D»3fi This invention relates to the manufacturing 
*»Wtt, methQd of a semiconduct0 r single crystal. 
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[PRIOR ART] 

The Czochralski method which pulls up an 
cylinder shaped single crystal from the raw- 
material melt solution in a crucible as one of the 
manufacturing methods of the silicon single 
crystal which is the basic material of a 
semiconductor integrated circuit is used. 
In the Czochralski method, the quartz crucible 
accommodated in the graphite crucible is filled 
with polycrystalline silicon of a high purity. 
A seed chuck is pulled up, immersing the seed 
crystal installed in the seed chuck to above- 
mentioned melt solution on heat fused, and 
rotating a seed chuck and a graphite crucible to 
a same direction or a reverse direction at the 
graphite heater which provided this 
polycrystalline silicon so that the periphery of an 
above-mentioned graphite crucible might be 
surrounded. 

A silicon single crystal is grown up. 


[0 0 0 3] 
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masons i cit-rzo 

C + S i o 2 ^s i o + co 

2C+S i O-S i C + CO 
U3#fJ£tVO^^ ##J® 

ft fc^£ 5 o if » L T « 


[PROBLEM ADDRESSED] 

When performing silicon single crystal growth 
by the Czochralski method, the chemical 
reaction which a graphite crucible and a quartz 
crucible show in a following formula is caused. 
A graphite crucible SiC-izes. 
C+Si02 ->SiO+CO 
2C+SiO->SiC+CO 

Generally, a graphite crucible does not have a 
two-division and is carried out 3 dividing. 
However, if a parting plane SiC-izes, the gap 
between mating faces will become large 
gradually. 

A deformation of a graphite crucible happens. 
While the quartz crucible accommodated in the 
above-mentioned graphite crucible in 
connection with this is also deformed and a 
melt-solution surface position changes, in order 
that the temperature near the parting plane of 
an above-mentioned graphite crucible may 
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reduce, the temperature distribution of melt 
solution changes and the growth of the single 
crystal in the pulling up is inhibited. 
Moreover, the heat history of a single crystal 
also changes. 

In order to prevent generation of such fault 
beforehand, deformation of a graphite crucible 
is measured at every drawing-of-a-single- 
crystal finalization. 

The graphite crucible is interchanged for a new 
article when the amount of difference of a 
mating face exceeds specified value. 
Even when it is the stage where the deformation 
of a graphite crucible does not exceed specified 
value, whenever it accumulates the frequency 
of usage, it increases, and quantity, such as the 
impurity, for example, calcium, accumulated at 
inner surface of a graphite crucible and a 
sodium, causes increase of the oxygen 
induction stacking-fault (called OSF ) 
generation frequency in a single crystal. 


[0 0 0 4] 


10 0 0 5] 


Thus, single-crystal-ization is inhibited in 
connection with the gain of the frequency of 
usage of a graphite crucible. 
Moreover, since the oxygen induction stacking 
fault in a single crystal becomes easy to 
generate, the frequency of usage of a graphite 
crucible is limited as a result. 
Cost high is caused. 

This invention was made paying attention to the 
trouble of the above former, and raises the rate 
of single-crystal-izing. 

While reducing the incidence of the oxygen 
induction stacking fault in a single crystal, it 
aims at providing the manufacturing method of 
a semiconductor single crystal the frequency of 
durability of a graphite crucible is extended. 


[0005] 


[SOLUTION OF THE INVENTION] 

In order to attain the above objective, 


the 
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«rff***tt*M©»3fcfr manufacturing method of the semiconductor 
5 X f.IltSr j single crystal based on this invention makes 

fctt, 3l#±»t*k«*#2 y J and makes com position the heat- 

&&&<DmmzWC* Hfl-fl* res ^ tant snee t which carries out the coating of 

WLJtft^Z^&t-^^ inner surface of an above-mentioned support 

#£iR&-r5£8?#£®l®r.B body, in manufacture of the semiconductor 

ilulS^ti^fi®^^ single crystal by the Czochralski method in the 

gap between the support bodies which 

&mms ^commodate the crucible which sores raw- 

? k al m*mm* material melt solution ' and th,s cruc,b l e ' • h k 

X, K^^^^XKI In such a composition, it is characterized by 
e,45t)©-e*5Ii:S:»«i: £» g ^ ^ a heat . re sistant sheet 

It^So becomes from carbon fiber. 

[0 0 0 6] I 0006 ! 

i-*,* iraifctt* SnM^made making the gap between the 

■ SU pport body, i.e., graphite cruc.ble, the 

jr?®1-5 5o^i-3fet>*)^Jfe5 cnicibie i e., quartz crucible, which stores raw- 

ot£t, Z.<0^^>o\t-k^M- ma terial melt solution, which accommodates 

-r^jW-r&fr^&Sol* tnis quartz crucible support the heat-resistant 

t<onW^niSm^hti^ sheet which consists of carbon fiber, and 

wm^h^n^X^^ performing a drawing of a single crystal 

J i * Hf 5 ^ ^ K Lfc<7> according to the above composition a graphite 

t^lmll k<n*#r crucible does not contact to a direct quartz 

j; 5 H«*otf #E«W«o "jVat-res-^ sheet, but SiC-ization 

&§&£o#<0$j Qf the partjng p|ane of a graphite crucible and 

fijffifc «fctfl*3ffia> S i Cfc^W inner surface is restricted. 

jbStbSo $tmZB^Z> Moreover, conventionally, since the impurity 

ol^rtffitfi^^^^ accumulated to inner surface of a graphite 
# (DMBK £ » crucible will be accumulate by apphcabc .0 of this 

Lit v- Kr«S**tS ' t invention at an above-mentioned heat-resistant 
fcttv- h k*» * - ^* duce sharply the quantity of the 

1 0* V J^*^* fmpurity accumulated to a graphite crucible by 
|& l 63l#±tt©ofci^v'- int ^ rchanging a h eat-resistant sheet at every 
h *£&1r% Z.k\z£9s single crystal drawing of 1 time or several times. 

[0 0 0 7] [° 007 l 

The'^mple of the manufacturing method of 
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fo5 0 ~tiib<7):>-f^ 3a ' 3 
h 3 a ^{R'J®^— b 3 b S: — 


the semiconductor single crystal based on this 
invention is demonstrated with reference to a 
drawing below. , 
A diagram 1 is a schematic sectional drawing of 
the graphite crucible based on the 1st Example, 
and the quartz crucible accommodated in this 
graphite crucible. 

It migrates to the gap between a graphite 
crucible 1 and the quartz crucible 2 entirely, and 
the heat-resistant sheet 3 is supported 
The above-mentioned heat-resistant sheet 3 is 
the cloth-like thing which consists of carbon 
fiber, and, as for the thickness of a sheet, it is 
desirable that it is 3 mm or less. 
The sheet with a thickness of 0.4 mm was used 
in this Example. 

The above-mentioned heat-resistant sheet 6 
consists of the base sheet 3a which carries out 
the coating of the inner surface bottom part of a 
graphite crucible 1 , and the side sheet 3b which 
Carries out the coating of the intemal- 
circumference surfaces other than the bottom 
part of a graphite crucible 1. 
Base sheet 3a puts a radial cut so that the part 
which there is no gap and a sheet overlaps in 
which may not produce the inner surface 
bottom part of a graphite crucible 1 after cutting 
a heat-resistant sheet circularly, as shown in a 

diagram 2. . 
Side sheet 3b is that which cut the heat- 
resistant sheet in the rectangle as shown in a 
diagram 3, and is covering the internal- 
circumference surface except the bottom part of 
a graphite crucible 1 . „ 
The coating of inner surface of a graphite 
crucible 1 is carried out without gap with these 
sheets 3a and 3b. 

Base sheet 3a and side sheet 3b may be cut 
integrally. 


[0 0 0 8] AftP^luDDOrtinq the above heat-resistant sheet 

b 3 **** ? f with ^graphite crucible 1 and the quartz 

Hl^^o!i2K^t C rucible2 it is filled with the silicon polycrystal 

fc±* ^5oli2^tS^ of a raw material in the quartz crucible 2. 

i/]} ^ This is heated and melted and a silicon single 

£ jJBfL V V 3 crystal is pulled up. 
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Since the heat-resistant sheet 3 is contacted to 
the quartz crucible 2, instead of a graphite 
crucible 1, SiC-izing of the heat-resistant sheet 
3 and accumulation of an impurity happen. 
Therefore, 1 time or after carrying out several 
times, the heat-resistant sheet 3 must be 
interchanged pulling-up operation for a new 
srticls. 

SiC-izing and the thinning of the parting plane of 
a graphite crucible 1 or inner surface, and a 
contamination are restricted by usage of the 
heat-resistant sheet 3. 

The frequency of durability of a graphite 
crucible was able to be carried out to more than 
the conventional double. 


[0 0 0 9] 

X Ma % O £ <D 1*30-® £ 

1 0 te^/t^? 


[0009] 

Fig. 4 - 6 shows an example of the quantitative 
alteration of the impurity accumulated in this 
Example in the inside-and-outside surface of a 
graphite crucible, and in order to contrast with 
this, it shows an example of the impurity 
accumulation situation of the graphite crucible 
in the conventional single-crystal manufacturing 
method in Fig. 9- 11. 

These things described as the continuous line 
show a change of the impurities quantity 
accumulated to inner surface of a graphite 
crucible in the figure. 

What was described by the dotted line shows a 
change of the impurities quantity accumulated 
on the outer surface of a graphite crucible. 
Moreover, Fig. 4 and 9 is storage quantity of 
potassium, Fig. 5 and 10 calcium and Fig. 6 
and 11 sodium. 

In the conventional single-crystal manufacturing 
method, a storage quantity of the inner surface 
is increasing in proportion to the frequency of 
usage of a graphite crucible. 
However in the case of this Example, each 
element is not increased most, but the effect by 
usage of a heat-resistant sheet has appeared. 


r nM nl [0010] 

07.4. |MB8o«»Wfln* * diagram 7 is a diagram show,ng the 
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[0 0 11] 

Ws— 1^3a Srffll/^II&5^ 
£ l <n&M*W0rtrM&\ 

[0 0 12] 


relationship of the frequency of usage of a 
graphite crucible, and the oxygen induction 
stacking-fault incidence in a single crystal, and 
describes the data based on this Example as a 
continuous line. 

The dotted line described the data by the 
conventional single-crystal manufacturing 
method. 

The oxygen induction stacking-fault generation 
in a single crystal was able to be made to 
reduce by half by reducing the impurities 
quantity which the coating of inner surface of a 
graphite crucible is carried out with a heat- 
resistant sheet, and is accumulated to inner 
surface of a graphite crucible so that it may 
understand in this diagram. 

[0011] . 4 , 

A second Example prepares the heat-resistant 
sheet shaped so that the inner surface shape of 
a graphite crucible might be adapted, and 
makes the gap between a graphite crucible and 
a quartz crucible support this. 
An above-mentioned sheet can be installed 

very easily. 

Moreover a diagram 8 is a schematic sectional 
drawing at the time of covering only the base of 
a graphite crucible 1 with a heat-resistant sheet 
as a 3rd Example. 

In this case, what is sufficient is just to carry out 
the coating of the base of a graphite crucible 1 
using base sheet 3a shown in a diagram 2. 
There is no gap in inner surface of a graphite 
crucible, and the heat-resistant spacer, cut in 
suitable magnitude so that the inner surface 
shape of a graphite crucible other than these 
might be adapted may be laid over so that there 
may be no overlapping part. 


[0012] 


rM(7>ann [effect of the invention] 

pi u^mft V sr*»«r i Since it considered as means to restrict S.C- 

j^f ^ inner surface of a graphite crucib,ei or a 
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m<DS i Cith^^t^mm(D parting plane, or accumulation of an impurity 

*&*#*.irn it- -ri- i t m and it made making the sheet which becomes 

If %^lit^ylw^ tne 9 a P between a 9 ra P hite cmcible and a 

^ 5oliW * ? r£?X™ quartz crucible from carbon fiber interpose, and 

Ki^ltft^&Sv' r*Sr^ performing a drawing of a single crystal, as 

fe^itT^jllGO^It-Bf ^rfr exp | a j nec i above, according to this invention, a 

?r£^Lfctf)-C\ deformation of the graphite crucible and 

2,o(^©giH:±omtt accumulation of the impurity which were 

TWcHiSSo^tAl^-Wlsfc generating by contact with a quartz crucible 

®<DWm*mv<i&^^ reduce remarkably conventionally. 

/w*^-rtM*± b -fk^r^ h J: 1" connection with this, the improvement in the 

h2S222S^22Si ° f single-crystal-izing and a reduction by 

tf^tffiM*tt*£*©¥ ha|f of £ 0) ^gen induction stacking-fault 

fl^'BjB&iftSo incidence can be performed. 

o}£<£>^, ^Wfflut^ftS Moreover, the frequency of durability of a 

riicj:"9, H#&5o{£<Z)iOT graphite crucible can be lengthened by 

2#&±tc#f£-f" restricting contamination of a graphite crucible, 

££tf s "C#x Cftk&j&'o and deterioration more than the conventional 

im&mmaxhn&mz.ft* double - u tu . ^ ... Whllte 

™ . s ^ * These can be synthesized and it can contribute 

T6 "" to a reduction of a single-crystal manufacturing 

cost. 

mm<D®wmw] [brief explanation of drawings] 


[FIGURE 1] 

itaittv-K^L^IiaS !t is tne schematic sectional drawing of the 

^%T^%^mmmmm 9 ra P hite crucible whicn SLJ PP orted tne heat " 
otf ir^sotf ©«»Wfffi0 ^ tent sheet> and a quartz crucible 


[02] [FIGURE 2] 

JEBV- hOspffiHTffcSo It is the top view of a base sheet. 


[0 3] [FIGURE 3] 

ois h (D^mm-zh 5 0 " is tne tQ p view of a s,de sheet - 

[0 4] [FIGURE 4] 

aet*hM-^— k A-rai^f' > * m When using a heat-resistant sheet, it is the 

f^^tm^mtkt diagram showing the quantitative alteration of 

»*^ |J<0 22:5 uf?lS$ Potassium accumulated in the inside-and- 

* V ^©ItofcfcSr^l-BI-e ^ utsjde surface of a gra p h ite crucible. 

[0 5] [FIGURES] 

.y-^l^fci^ H Wnen usin 9 a heat-resistant sheet, it is the 
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[EI 6] 

f y ^Acoftw^b^-rm 

"C<fo<5o 
[0 7] 

[08] 

[09] 

[mi o] 

$ ft 5 # / w f $~3*<D ifft^f t: £ 
[Ull] 

^-tia-cfcSo 

1 iissoii 

2 ^5olJ 


diagram showing the quantitative alteration of 
calcium accumulated in the inside-and-outside 
surface of a graphite crucible. 

[FIGURE 6] 

When using a heat-resistant sheet, it is the 
diagram showing the quantitative alteration of 
the sodium accumulated in the inside-and- 
outside surface of a graphite crucible. 

[FIGURE 7] 

It is the diagram showing the relationship of the 
frequency of usage of a graphite crucible, and 
the oxygen induction stacking-fault incidence in 
a single crystal. 

[FIGURE 8] 

It is the schematic sectional drawing of the 
graphite crucible which supported the heat- 
resistant sheet only on the base, and a quartz 
crucible. 

[FIGURE 9] 

In the conventional single-crystal manufacturing 
method, it is the diagram showing the 
quantitative alteration of potassium 
accumulated in the inside-and-outside surface 
of a graphite crucible. 

[FIGURE 10] 

In the conventional single-crystal manufacturing 
method, it is the diagram showing the 
quantitative alteration of calcium accumulated 
in the inside-and-outside surface of a graphite 
crucible. 

[FIGURE 11] 

In the conventional single-crystal manufacturing 
method, it is the diagram showing the 
quantitative alteration of the sodium 
accumulated in the inside-and-outside surface 
of a graphite crucible. 

[EXPLANATION OF DRAWING] 

1 Graphite Crucible 

2 Quartz Crucible 
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